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Abstract

As recent production facilities are usually operated with unmanned materiathandling system, the
development of an efficient schedule with deadlock avoidance becomes a critical problem.Related researches
on deadlock avoidance usually focus on real-time control of manufacturing system using deadlock avoidance
policy. But little off-line optimization of deadlock-free schedule has been reported. This paper presents an
optimization method for deadlock-free scheduling for Job-Shop system with no buffer. The deadlock-free
schedule is acquired by the procedure that generates candidate lists of waiting operations, and applies a
deadlock avoidance policy. To verify the proposed approach, simulation resultsare presented for minimizing
makespan in three problem types. According to the simulation results the effect of each deadlock avoidance
policy is dependent on the type of problem. When the proposed LOEM (Last Operation Exclusion Method) is
employed, computing time for optimization as well as makespan is reduced.
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Table 1 A KAC of an example Job-Shop system
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Fig. 2 A simple second level cycle
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Fig. § Evaluation of schedule
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Table 2 Configuration of three problems

part . related first related second
machine sequence
route level cycle level cycle
2
W m;-my-My— Mg— M3— My— It C1,C2,C C
<9J-8M wl 1 7”1 ..m 8m 3m 4 8 1 CZ 3 1
problem> 2 5 3 6 7 3 >
W3 m3—my— Mmg—M;—my €, C Y
Wi Ty~ Mg - My — ms— Mg— My Ci, 02,06 i, ch
<12J-11M W) Mg— Ms— Mg — My~ My— Mip— M;;— My~ My C1,€2,C3,C4,C6 e,
problem> Wi Mig— Me— Ma— My C1,Cs,Cs e
Wy m;— mz— My— M3 — Mz — M— My C3,C4,C5,C6 sz,Czs
<12]-6M Wi m; — My — M3~ My~ Ms— M ClsC2,C3,Ca,Cs,CarCrsCasCs | C,C2,C5,C0
Wy Me— M3— M — M5 — My— My C;,€2,C4,C5,C6,C7,C8,Co,Cl0 021,022,023,024
problem> VPV SRV SR )
w3 my-Mm|—Mmy— M3— Ms— Mg Cy,€2,€3,C4,C5,C7,C8,C,C10 €",C7,C3,8
Table 3 Simulation results
NP=2 4 5 6
Infinite Buffer(747) 748.84 (12.88) 747 (0) 751.64 (19.06) 753.52 (18.35) 757.52 (19.30)
<9}-8M RPZ (1153) 1153 (0) 1153 (0) 1153 (0) 1153 (0) 1153 (0)
problem> RP4 (1068) 1068.7 (2.1) 1068.28 (1.37) 1068.14 (0.98) 1068.42 (1.66) 1068 (0)
RP5 (836) 836 (0) 836 (0) 836 (0) 836 (0) 836 (0)
Infinite Buffer (951) 951.11 (0.74) 952.94 (5.32) 965.76 (11.23) 967.80 (14.59)
<12]-1IM RP2 (1605) 1605.48 (1.30) 1605.18 (0.76) 16054 (1.2) 1605.39 (1.18) 1605.10 (0.62)
probler> RP4 (1524} 1533.56 (5.92) 1532.91 (6.66) 1530.54 (5.50) 1528.64 (4.42) 1526.77 (4.08)
RPS (1239) 1247.94 (12.09) 1243.2(9.13) 1241.74 (6.44) 1240.24 (4.31) 1239 (0)
Infinite Buffer (993) 1004.22 (9.99) 1023.16 (28.55) 1033.44 (44.59) 1051.83 (40.22) -
<12J-6M
problea> RP2 (2642) 2642 (0) 2642 (0) 2642 (0) 2642 (0) 2642 (0)
RP4 (2094) 2101 (2.91) 2101.08 (2.61) 2098.98 (2.99) 2097.37 (2.76) 2096.38 (2.84)
Table 4 Application of LOEM
Large Last Processing Time Ordinary Last Processing Time
Ordinary Method 1411 836
<9J-8M problem> LOEM
 Improvement .
Ordinary Method
<12J-11M problem> LOEM
i improvement s
Ordinary Method
<12J-6M problem> LOEM
mprovement -

3 vy dAAHNME B =
¥ © 2 ¢ Branch and Bound €852
ZHe AP 2 @ FE F 4
3y AAE AL APAAE 74 AA
Bgste 8§13 295 A ¢ Aok 73
QX F <9J8M>TEAo] tisiA FIeiHe A
9} RP5, LOEM & #o] &% A F 7H3 4
o] FtE REE Fig. 6 o JEFRATH

AR oz WwE FIsA Mg

lo,
h}ll
X

do Ho 4 B

1

i e FA A9 B 27 FRa
FooiAl dAAGNME A Bo| A&nEA
A 2 AL A HRE A 27 F
A = Lol R wE ¥ A
< o]® System Clock oA A &
3 F e FIEY Ft AT W] wWE
o NG nFL 73T et 1 35
7} Ao A AL A WA P 97
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machine

206 X 294 312

m;

m,
m;

my

ms

g

m,

my

2326 50 84 113 149 171179 210 239 242 293 309 315 336 343 394

: time(min)
machine 491 502 520 s 6ol
| .

[ l [ [

411 448 461 494 513 551 574 581 642 653 657 731 747

time(min)

(a) Case of infinite buffer capacity

machine

oy

m,

my

my

mg

my

my

| | |

* = b 400
232 50 84 113 123 174 180 239 246 309 313 L
machine time(min)

m,

m,

in,
m,

ms

mg

my

my

! ' | i j ]
400 449 478 515 561 588 609 655 667 724 764 778 794
time(min)

(b) Case of applying RPS and LOEM

Fig. 6 Scheduling results of <9J-8M problem>
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7€ wF 3w A Hdd HEFRY vhAy
HE AEAS B9 A s B8 2te
d HAze] Axe= Agd HA3 Uyl A
S BYFI 3, FAY ¥ A7) we A
EHYolHE oJd¥Y & AL wo Ao 2
A AL A Uk <91-8M EA>= A
ojZo] HAA HHUA ¥ Al2EHY Ae
RP5 ¢} 22 7ha gk mat 3o HA wQivto=
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